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Preface

The Waterways Experiment Station of the U.S. Army Engineer Research and
Development Center (ERDC) was tasked by the Engineering Work Group for the
Upper Mississippi River-Illinois Waterways Navigation Study to collect physical
datafor usein areliability model for the deterioration of concretein lock walls
due to freeze-thaw and abrasion. Thiswork effort was accomplished by
Mr. Robert C. Patev, formerly of the Computer-Aided Engineering Division
(CAED), Information Technology Laboratory (ITL), ERDC, with assistance
from Dr. Mary Ann Leggett, CAED, ITL, ERDC, and Mr. Ron Wooley,
Navigation Branch (NB), Waterways Division (WD), Hydraulics Laboratory
(now the Coastal and Hydraulics Laboratory), ERDC. The report was prepared
and written by Mr. Patev and Mr. Paul F. Mlakar and Mr. Larry M. Bryant,
formerly of JAY COR. The work was performed under the general supervision of
Mr. H. Wayne Jones, Chief, CAED, ITL, and Dr. N. Radhakrishnan, former
Director, ITL. Mr. Timothy D. Ablesis Acting Director, ITL.

At the time of publication of thisreport, Director of ERDC was Dr. James R.
Houston. Commander was COL James S. Weller, EN.

The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an official
endorsement or approval of the use of such commercial products.



Conversion Factors, Non-Sl to Sl
Units of Measurement

Non-SI units of measurement used in this report can be converted to SI
units by applying the following factors as follows:

Multiply By To Obtain
feet 0.3048 meters

inches 0.0254 millimeters
miles (U.S. statute) 1.609347 kilometers
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The collection of physical data from lock chambers was required to
properly develop the concrete deterioration model used for the Upper
Mississippi River—Illinois Waterways Navigation Study (UMR-IWW).
Statistical data needed for the model were collected from the measure-
ments of concrete loss from four lock chambers and the time- lapse video-
tape monitoring of three lock chambers. Each item was crucial in

developing the proper constraints to be used in the deterioration model.
Since the loss of concrete in lock chambers has not been typically meas-
ured during concrete inspections, it was necessary to measure the amount
of loss attributable to freeze-thaw and abrasion. These measurements of
loss would be the basis for developing a function that could predlct the
shape of concrete loss centered at the eievation of maximum loss. This

1 i L mmmrmeata Comen Tl oo 11 ncnndan s2aaros CT o ¢thhnat Anrron ¢hhn A
10SS OI COoncrete rom 10CK wails Creaies uncven su ld s tnat cause tne ex-
posure of embedded metals such as line hooks, check posts, or ladders that
may cause barges to be impeded in transiting the lock or during lock filling

cal values of prevxously unknown or estimated variables that were used in
the UMR-IWW model. Since the field coliection of physical data is often
an expensive and time-consuming task, time-lapse monitoring was imple-
mented to assist with physically cataloging hours of field data at a mini-

mal cost. The collected data characterized the values for the number of
impacts on lock walls that occur during a lockage, the velocity of a barge
in different locations in a lock chamber, and the fluctuation of chamber
pools with time. The data were used as a basis in the successful imple-
mentation of the model since the constraints of the model were parameters

aLl L _ L °1°

that were alrecuy lﬂpll[ as variables or constants in the pIODdOlllbllL

nnmata data PR e

concrete deterioration model.



2 Vertical Surface Losses in
Lock Chambers

Introduction

Loss of concrete from lock walls may delay tows in transiting the lock
by creating uneven surfaces that may cause a barge to “hangup” during
lock filling or emptying. This effect may be more significant than any
structural deficiencies and historically is often the primary motivation for
resurfacing of lock walls. A model for assessing lock wall vertical sur-
faces for this operational problem is developed in the following paragraphs.

Previous Study

The basic model for vertical surfaces was developed in a previous
study.1 In that study, the barge geometry was totally characterized by the
radius, Ry, at the barge corner, which is assumed to be small relative to
the concavity of the lock wall. The shape of the deteriorated surface was
approximated by a parabola with zero concrete loss near the top and bot-
tom of the lock wall with maximum loss near midpool, as illustrated in
Figure 1. This deterioration function was

x=oy" (1)

x = horizontal component of concrete loss

= constant reflecting magnitude of concrete loss

vertical distance measured from center of surface

S <« R
I

= exponent reflecting the shape (concavity) of the loss

Larry M. Bryant and Paul F. Mlakar. (1991). “Predicting concrete service life in
cases of deterioration due to freezing and thawing,” Technical Report REMR-CS-35, U.S.
Army Engineer Waterways Experiment Station, Vicksburg, MS.

Chapter 2 Vertical Surface Losses in Lock Chambers
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The minimum factor of safety occurs for maximum angle, 6, which occurs
forv=~h1/2, 1e.,
fory=~h,2,i.e.,
po_ M
r= )
2nnd, .

This earlier model proved useful and indicated promise with subsequent
improvement. In fact, a recommendation from the previous study by Bry-
ant and Mlakar was made to refine the (dimensional stability) model for

the lock walil limit state Dy mvestlgatlng and cauoraung to more field

atinnm yac addeacond i A Aavralamaan
llb leUllllllCllUdtlU I wdd auuicdd>Cu lll thC dCVClUpluClll Uf

Refinement of Model

n the current study, the model has been improved based on a more ex-
tenswe 1nvest1gat10n of actual concrete loss for lock wall vertical surfaces.
Using detailed measurements from two locks, the description of the con-
crete loss (as a function of wall elevation) has been further generalized.
The measurements from these two locks were scrutmlzed to determme any

unaerlymg pattem of GC[CI'IOI'a[lOH that could

fond

n gavaral anal

i i
1 1Ull, dLvyelal a.ualjl.
sxdcrcd and g\mllmted using
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Measurements of the vertical faces of lock chambers were made and
evaluated to examine the patterns of deterioration of lock wall concrete.
The measurements were taken at lock

nd Dams 13 and 15 on the

="<:
<
o

er, and Locks

of deterioration patterns were exhlbxted at these locks. They were loss
concentrated around the upper pool region and evenly distributed losses
around the lower pool area.

- .
The loss around upper pool levels was illustrated well at Lockport
Lock and Dam and Point Marion Lock and Dam. This loss pattern can be

Chapter 2 Vertical Surface Losses in Lock Chambers



attrilhntad ta tha fast that tha laslkc ara in carvies vsar rannd at timac whan
ALLLIUULUU LU LIV 14Aavi uiat LIy 1vvnd alv 1il Svi vive VAl 1UUIIU AQl uiiiivy vrviivil
freeze-tl 1aw and abr asinn can occur simulta eously. The loss rOLnd

attributable to lack of operatlon durmg the winter months. The locks are
generally out of service from late December to early March, and their
chamber pools are left at lower pool elevations. The goal of these meas-
urements was to get an overall picture of loss in a range of lock chambers
to assist with aevelopmg a Iuncuon to closely represent the true loss.

‘e e A I~ - Zeantles - T s rata
11iS 1uUncuoin Wlll OC udCu chbtly ll e il fimine concrete
deteriaration of lock walle due ta freeza_thaw and ahracion
ULLLUIIVIAUIUIL VUVl 1IUVA YZP ALY UUuL LU 1Ivuvov uaiay aunuy aviaviivia

Lockport Lock - Chicago Ship and Sanitary Canal

Lockport Lock was constructed in 1933 and exhibits severe loss of con-
crete from the vertical surfaces. The lock hardware was rehabilitated in
July 1984, and the lock walls were scheduled for resurfacing in July 1995.
The lock wall vertical geometry was measured in 1984 when the lock was

completely dewatered. These measurements were made using a plumb

lina alang hath tha land wall fayvyan mananlith niimharge) and rivar wall fAdA
1111IC alUllB UuUL LU 1allu wall (U VUil HIVIIVILIUL 1Hullluvld ) altug 11vel ywaill \vuu
monolith numbers). Data were taken at 1-ft increments in elevation at cen-

ters of selected monoliths and at or near selected joints. Similar measure-
ments were made in January 1993 at the same locations as in 1984 to
provide additional loss data and an indication of the time dependence of
the concrete loss.

lock. Maximum losses were about 10 in. in 1984 and about 11 in. in 1993
in the lapd wall. Maximum river wall losses were about 4 and 5 in., re-
spectively, in 1984 and 1993. Losses are quite uneven with eievation and

between monoliths. The most severe losses in most monoliths occur near

nmar naal fal 7% £l o oot cacpc

\
uppel puvul (L1 U070 1) 11 11HUDL LadLo.

All of the data from both sets of measurements are presented in Figures 2
through 9. The losses measured in 1984 at land wall monoliths are plotted
versus elevation in Figure 2. Measurements of concrete loss along river
wall monoliths in 1984 are shown in Flgure 3. Figures 4 and 5 present
nd walii and r 1ver wau re-

i . . . . .
Unless otherwise stated, all elevations (el) are stated in feet as referred to in National
Geodetic Vertical Datum (NGVD) of 1929.

Chapter 2 Vertical Surface Losses in Lock Chamber:
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LAND WALL JOINTS - 1984
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Lockport, has suffered measurable concrete loss from the loc k wall verti-

ducted in the late 1950 s. Measurements made in September 1993
confirmed that much of the 3-in.-thick shotcrete layer had debonded and
fallen off the vertical walls. The measurements were made at 1-ft el incre-
ments at several locations along individual selected monoliths on both the
fand and river walis. Losses along the selected monoliths range up to
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The data from these measurements are presented for various monoliths
in Figures 10 through 14. Specifically, measurements are depicted for dif-
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ferent pOSlIlOﬂS along land wall monoliths 15, 1Y, ana 41 anda river wall
monoliths 5 and 11 in these figures.

Lock and Dam 13 (Figure 15) was operational in 1939. The lock cham-
ber has suffered sporadic loss of concrete from the lock wall surfaces.
Measurements of the lock chamber taken in October 1994 indicated that a
majority of the vertical surfaces were in excellent condition except at

1.1

monolith and construction JOln[S and around the gates.
at 1
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Measurements were taken at a total of five monoliths on both the inter-
medlate and lands1de walls The maximum losses ranged from 1 to 1.5 in.
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lower pool elevation. Lock 13 also does not flush ice during winter
months because of the submersible gates on the dams which allow ice to
flow over the dam.
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cause it is one of the few lecks that exhibits 1 ttle or no loss of the vertical

of five land and 1ntermed1ate monolith walls. All of the vertical surfaces
appeared solid and in excellent shape, which may be attributable to admix-
tures in the concrete during construction. Any substantial losses which
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Loss measurements for Point Marion Lock and Dam river wall - Monolith 5
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Lock and Dam 13 - Monolith 38
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Figure 15. Loss measurements for Lock and Dam 13 - Monolith 38
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Figure 16. Loss measurements for Lock and Dam 15 - Monoiith 13
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were concentrated around the gates and construction joints were rehabili-
tated during the winter of 1993

The losses were measured for the monoliths considered to be in the
worst shape. Losses ranged from of 0.3 to 0.7 in. Similar to Lock 13, the
losses were distributed around a zone at lower pool. This can also be at-
tributed to the fact that the winter operation allows for the shutdown of
the lock to river traffic and the chamber pool is left at lower pool level.

Data Tendencies and Observations

Loy £io0 Al o ~ ntan mencanta Py A mraving naragranhe landg ¢t~
The first look at the data presented in the previous paragraphs leads to
several general conclusions regarding any underlying tendencies of con-
crete loss= First the observed lmc. for these lock walls does not fol low the

more locahzed regions of high loss, generally not centered near midpool.
In fact, where any observable pattern of deterioration exists in a set of
measurements, maximum losses tend to occur near upper pool elevation
with lesser losses at other elevations. There appears to be a general ten-

............................... 1 annthar crmiallae v noaoe
dency for maximum loss near upper pool, another smaller maxima near
lower pool, with lesser losses between pool levels decreasing to little or
none near the wall top and bottom

These observations of the patterns of deterioration not only follow
from the data but satisfy plausible explanations of physical phenomena
that may lead to the loss. Specifically, the loss of concrete 1s attributed to

t
ul 1ear the t\;vio pool elevations since these
are the levels at Wthh tows enter and exit the lock. Although rubbing of
the walls by the tow is evident during chamber filling and emptying, the
resulting forces and abrasion damage should be significantly less in this re-

gion due to the much smaller barge velocities involved.

D vl 1 3% L 1 1
Previous studies have shown that freeze-thaw effects and deterioration
should be expected to be higher near upper pool, cnmpared to other eleva-

tions. Above this elevation, the degree of saturation in the concrete is gen-
erally less than the critical value requlred for freeze-thaw damage since
external water levels remain below this elevation. Below upper pool where
saturation may be critical, the insulating effects of water in the chamber
tend to keep concrete temperature above the critical temperature for dam-

age. Thus th concrete 1Il the upper pOOl region has a mgner prooaouuy

’
AF Fonnon oo crmanae Decpse _thow domace ganaes 1

near upper pool, leading to higher concrete loss.

The combination of higher abrasion near pool levels and higher prob-

abmty of freeze-thaw aamage near upper pOOl SUppOI'[S a rationale for the

AAAAAA A Voo 0t T anlien et oo Ao~ sahala Q Thora 10 a brals ~
UUbCl VvEda 10S8s at LULI\PUIt auu 1VlUllUllgdllCla O. 1UUIT 1D a‘bU a llkellhﬁud
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that losses should be higher between pool levels than above or below
these elevations. The data and physical phenomena indicate a loss pattern
that increases from some point below the wall top to a maximum near up-
per pool, decreases for some distance, and generally is less to near mid-
pool. The pattern appears somewhat reflected below midpool but with
lesser magnitudes of loss. This general pattern provides the basis for se-
lection of analytical functions to represent concrete loss for the model.

One final observation regarding the data and the mechanics of the verti-
cal surfaces model permits a simplification in the analysis of the data for a
representative loss function. The data and physical phenomena indicate
that losses are generally higher in the upper regions of the lock wall, par-
ticularly near upper pool. Since tows necessarily transverse the full height
of the wall between upper and lower pool, and the operational problem is
more critical where slopes (losses) are larger, it is really only necessary to
consider the vertical surface in the upper region.

Analytical Representation of Loss

The foregoing observations of measured concrete loss at Lockport and
Monongahela 8, along with the application of rational notions of the
causes of such loss in general, led to some general characteristics of an
analytical function that would be representative of these and other struc-
tures in this region. These characteristics are summarized as:

a. Higher loss near upper pool.
b. Some lesser losses between upper pool and midpool.

c. Loss near lower pool.

Several analytical functions that could satisfy these general charac-
teristics were evaluated for appropriateness by two measures. First, they
should provide a reasonable “fit” to the measured data, as reflected in a
linear regression. The criteria are relatively obvious considering the in-
tended purpose of prediction. Second, the functions should be simple
enough and require minimal input to describe the vertical surface. The cri-
teria follow from the need for a relatively simple method to predict wall
slope given a limited amount of information regarding concrete loss. A
number of functions, and combinations of functions, including polynomial
expansions, fit to the data with limited success are not presented herein.
The functional form that best met the above criteria is discussed in the fol-
lowing text.

A functional form that satisfied the loss characteristics listed previously

~‘and met the evaluation criteria quite well was a linear combination of

three distinct functions that individually match with the listed charac-
teristics.

Chapter 2 Vertical Surface Losses in Lock Chambers
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Figure 17. Functional form selected for model (Equation 6)
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third term provides for a region of higher losses below upper pool over a
rance of “w,” feet (and zero outside this ranege) that is max_imum at upper
&% Vi 2 ARLL AR LU UUeIVL o~/ “rrv

ool, decreases to the constant value Yy at y,,; - wy, and is continuous in

the frrst derivative. The second and third terms are assoc1ated with the di-
rect abrasion during tow entry and exit of the lock chamber.

hgures 18 throug show

—
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=
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w

t
upper pool), wy =2, wp =9, Y5 =0.1.
Flgure 19 s for Monolrth 38 at Lock and Dam 13 The values used in the
loss function were: y,,; =578, w; = 1.8, w, = 1.8, Yy = 0.27. Figure 20
is for Monolith 13 at Lock and Dam 15. The values used for the loss func-
tion were: yp,,; =553, w; =0.95, wy =1, Y5 = 0.01.
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This functional form was evaluated for “goodness of fit” via linear re-
gression where (1) Y; (y) are the independent variables, (2) Z(y) is the line-

arly dependent varrable and (3) the coefficients C; were determmed using
spreadsheet analysis. The linear regression was performed solely on loss
data normalized by the maximum value, i.e., the loss function ranged from
-1.0 to +1.0 (primarily positive). The linear regressions for selected sets

of data from the measurements at Lockport are presented in blgures 21
S I Y Y ) 1 VIS WY T A LT 5 S Y « s B LR LA PO o S Y
wmr ugn Z)5. 1Nn€ magm[u €S 01 Wl in undllU 1 0D dita W2 lll undllUll oC
were selected after a few trials using the available data. The values for w;
and w, for Locks 13 and 15 are shown in Table 1.
Lockport Monolith16
585
580 § - ,
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O ~nn { e s
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Figure 18. Measured versus predicted losses at Lockport Lock and Dam

Chapter 2 Vertical Surface Losses in Lock Chambers
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Figure 20. Measured versus predicted losses at Lock and Dam 15
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Figure 21. Linear regression for Lockport Monolith 16, 1993
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Figure 22. Linear regression for Lockport Monolith 34, 1993
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Figure 23. Linear regression for Lockport Monolith joint 48, 1993
Tahla 1
FQawvie 1
Measured Lock Parameters for Upper Mississippi Lock Chambers
Measured Loss, | Evaluation of
Lock-Monoiith wy, ft wo,ft ro in. Maximum Loss, it

Lock 13 - Upper Pool 583 Lower Pool 572

13-41 25 1.8 0.27 0.84 581
13-42 1.47 3 0.1 0.6 587
13-38 1.45 1.5 0.1 1.43 578
13-25 1.73 1.5 0.1 0.83 580
13-16 3.4 2.8 0.05 0.6 579

Loci 15 - Upper Pool 561 Lower Pooi 545

15-25 (a) 1.2 2.2 0 0.141 566.9
15-25 (b) 1.2 2.2 0 0.141 551.9
1515 1.2 0.89 0 0.89 552
15-13 1.2 0.89 ) 0.63 553
15-8 1.2 1.455 0 0.243 554

b
o
-
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0 1.117 558
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ments, are presented in Figure 21, for the region between top of wall
(el 58 ) and mxdpool elevation (el 56’%) The data and the “best fit” curve

and the dashed lme is the curve f1t The goodness of fit is measured quan-
titatively by the R? term, i.e., the closer R is to unity, the “better” the fit.
The R? value for this case of 0.91 represents a good fit to the data using
this functional form. This quantltatlve assessment is reinforced by the

graphical comparison of the data and the regression line.

$ . e data from Monolith 34 in 1993 is presented in
Figure 22. In this case the regression is reasonably good (Rf 0 79). The
curve fit captures the essential features of the concrete loss required to
determine the governing slope for the lock wall limit state previously
described. The data and curve fit for Monolqith 48 (1993) are shown in
rxgure 15 Agam tne regression is good (R” 250), and the curve fit
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The vertical surfaces modeli requires, in addition to definition of specific
Alasratinmemo anemd laco sxrsdélas 7. amAd sis N\ tha cmmadiatbinm AF TAaco A s1:vsnam
CICVYVALLUIL> dlIU 10Dd> WIULILD \Wl ald W2), LUIcC PICU cuon 1 10D at UPPCI
nonl and nearar midnanl (canctant functinn)  The nrediction of mayimnm
pool and nearer midpool (constant function). The prediction of maximum
concrete loss due to freeze-thaw degradation and barge impact abrasmn at

1 oo
upper pool is described by Patev et al A similar analytlcal model is not

available for predicting the lesser losses near midpool, particularly since
the transiting barge impact parameters are not significant nor easily de-
fined. Due to this lack of an analytical procedure for predicting this lesser
foss ma gmtuae the ex1sung 1oss data were examined to

[72] CL

_ average midpool loss

"~

upper pool loss

This ratio is utilized to predict mldpool loss in the vertical surfaces

model. Specifically, the upper pool loss is determined from the concrete
10"5 model described by Patev et al.,” and the midpool ioss is compuied
directly using the above ratio.

R. C. Patev, Reed L. Mosher, Mary Ann Leggett, Paul F. Mlakar, and Larry M. Bry-

ant. “Reliabilitv analvci( of lock walls cnhu-r'ted to concrete deterioration due to freeze-

thaw and abrasion” (Techmcal report in preparanon) U.S. Army Engineer Waterways
Experiment Station, Vicksburg, MS.



Refined Modei

The vertical surfaces model for the limit state of the barge “hanging
up” on uneven slopes of the lock wall is based on the refined prediction of
the loss function along the wall. This refined model is depicted schemati-
cally in Frgure 24. The basics of the friction model are the same as the

oo ITER ]

with the slope oI the wall being aetermlnea Irom tne re-
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(r\ ~— CONCRETE LOSS
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AN
a. DETERIORATED SURFACE b. FREE BODY DIAGRAM

In tha nravinne madal thara wiac nn Annactinn ac tn tha lacatinn nf tha
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mmriml m slope of the wall that co"ld im inoc barge motion. In that case,

calculated drrectly In the reﬁned modcl it is more difficult to determine
the location and magnitude of the maximum admissible slope, i.e., where
a barge could actually encounter the wall. Specifically, the point of con-
tact along the surface above upper pool may be limited by the minimum

loss value below upper pOOl if the oarge draft is large compar red to the
nrnamhbinad widtha Af tha 1tmnmar nanl 1acg £ 1w Y T€ftha camhinad widthe
CUILIVILICU WIULLLDD UL LU pPpPLl puul 1Us> \Wl - WZ}. 14 UIC CUILLIVILICU WilULLLD
of loss are large compared to the barge draft, the barge could translate and
move between the slopes below and above upper pool, leading to a differ-
ent contact point and different slope.

Thus, the maximum admissible slope must be determined from both the

concrete loss function and the barge minimum draft. The calculation for

maximum admissible slope in the current model numerically considers
1N ayanly anarcad aantantiaol aninte Af nantant in tha raginn af highagt glana
1V CVvlilly spalTu pulllitlal pulliy 1 Luliavt 111 Ulv 1UgI1VILL UL HIEIIUOL S1UpL
If any point is admissible from considerations of geometry, the slope is

1 t S
J r . * s b L}
then likewise admissible. The largest of these admissible slopes is then
used in the limit state.
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Reliability assessment models focus on limit states which inherently
use random varlables. Proper estlmate f these varlables are crucial to
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The collection of physical data from Iock chambers was required to
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Afmy Corps o g T VW S
UMR-IWW Navigation Studv is currentlv bemg used to Drlormze naviga-
tion investment decisions to the year 2050 for the 37 locks and dams in
the UMR-IWW navigation area using reliability-based assessment methods.
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of a barge in three different
hamber pools with time,
and the number of unrecorded lockages for ice. These data were used as a
basis in the successful implementation of the reliability models, since the
constraints of these models were based directly on input of variables or
constants in the probabilistic modeis.
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Time-Lapse Video Technoiogy

The technology of time-lapse video has been applied to many different
fields of engineering. The application to collection of physical data for re-
liability assessment models has just entered its infancy. This technology
prov1des the ability to collect data when it would be difficult or impossi-
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The basic equipment required for time-lapse videotaping is rather sim-
plistic. Only a time-lapse video recorder and camera are required. Video
cameras can have either a wide angle or telephoto lenses. The cameras

and recorders can be CHCIOSGG in weatnerproor cases that are smalil enough
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has mounted cameras in locatlons such as near r the tor
mission towers to remote navigation locations that have no access via
roads.
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ment are minimal when compared to poss1b1e real- t1me field collection
costs of manpower time onsite including associated living expenditures.
On average, the time-lapse video equipment costs range from $3,000.00 to
$10,000.00 per set of recorder, camera, and weatnerproot cases. Gener-

ally, the only maintenance after proper setup is removal of videotapes at
the end of taping period. Very little onsite maintenance has been required
by the USACE in using time-lapse video equipment.
Table 2
Rrecommendaeda Iime-Lapse viaeo Rates
Time-Lapse Rate, Seconds
Hours Duration, Days Per Frame
Accessible sites 120 7 2
Remote sites 240 14 4
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The monitoring of tw
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area was performed to assist w1th determimng various varlables for the
concrete deterioration model. This monitoring refined previously un-
known or estimated values for the number of impacts that occur during a
lockage at upper pool, the velocities of a barge in different locations in a
lock chamber, and the fluctuation of chamber pools with time. All of
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Two individual time-lapse video cameras and recorders were used to re-
cord lockages at each site. This capability allowed the cameras to capture
each lockage in both the upstream and downstream directions. The cameras
were installed and mounted on light standards approximately 20 to 22 ft
above the ground surface. This was to ensure that they were out of the

A wviAdAan Ao
Wdy llUlll dll_y pUbblUlC UpCldllUlldl llllCl 1CICILICT WLl tUWD., 1110 vVIUCU Lalil-
eras were also extended a few feet gover the edoe of the lInck wall to nermit
s were also extended a few feet over the edge of the lock wall to permit

a full view of the entire lock chamber

The time-lapse video recorder was set up to tape for a time period from
5:00 a.m. (0500 hr) to 8:00 p.m. (2000 hr), 7 days a week. The video re-
corder was also programmed to imprint continuously the date and time on

1

the video output. This greatly assisted with the logging of each lockage
P A

am rith dataceimins tha haoecan va Taniting haogcad an arntinal tima in tha fiald
alld willl UClCllllllllllg lllC valgc VClUL«llle vastu uUll avitual e 111 LllC 11C1U.

The lock monitoring was performed on Lockport Lock and Dam on the
Illinois Waterway (Chicago Sanitary and Ship Canal), and Lock and Dam
22 on the Mississippi River. Lockport Lock and Dam was monitored from
the period starting on December 16, 1993, and ending on March 31, 1994.
This time frame represented approximately 15 total weeks of iockages.

| o PR IR P Arac SIIAES ctallad e d ot ] L mmniad A TN xranlo
DOn VIAEO Cameras were l nstali€a ana operatioinadi 101 a perioa 01 1V WECKS
evan nndar the worcet affacte from tha weather in the Chicaon area How_
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ever, the downstream camera did fail after a power surge during a snow
storm and was not functional for the last 5 weeks of taping.

Lockport Lock and Dam - Chicago Ship and Sanitary Canal

Lockport was selected because it is one of the few locks in the UMR-

IWW nav1gatron area that is fully operauonal ourmg the winter months.
The selection of Lockport provided a significant number of lockages that
could be analyzed for the data required for this study.

The tapes from Lockport were analyzed for the following information:

a. Number of bumps at upper pool and around the upper gate.

S

Barge velocities at 1
lock chamber.

Ibid.



ANGLE OF CAMERAS AT LOCKPORT LOCK AND DAM
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Lock and Dam 22 - Mississippi River

Lock and Dam 22 on the Mississippi River was monitored beginning

on December 14, 1993, and ending on March 31, 1994. Lock and Dam
N wxrna caolantad lhanairas ~AF thhna A~z ¢ ~Fharon teaffin thaot ~anld ha Av

LL Wad dTICLLICU DCLCaUudC U1 UIC alllvulit vl Udlgc t1alliv tiidt vuuiu uC CTA-
nected from the orain elevators unstream in Ouincv. 11 owever. due to
pected from the grain elevators upstream in Quincy, IL. However, due to
a railroad bridge span that was being replaced, the section of the Missis-
sippi River above Lock and Dam 22 was closed to river traffic for a period

from approximately December 17 to 27, 1994. Anticipating this, most of
the expected barge traffic had avoided this delay and moved a majority of
the grain south a few weeks before the monitoring could be set up.

ith a limitad amannt of tra o~ to ha aynactad the tanac fram I el
vwiul 4 1MieaG amount O1 HaiiiC 1§ OC CXPCLICA, ull apds IO 1.0C0K
and Dam 22 cou ld only be uhlizcd to establish the ﬂuctuatinns of the

gave great insight in determmmg a ba51s as to what occurs durmg the win-
ter months when river traffic is at a minimum. This though will be typical
of most of the locks and dams in the UMR-IWW navigation area.

Tha conaral lanntinm ~f tha nammarn cntite FAae T ARl and TMNam D) o
111C 50110141 oL allvi Ul UIC LailiCla >ciup 10Ul LLULVA allu alll <4 1>
shown in Figure 26
.

Barge impacts

The impact of barges on chamber walls was determined for various lo-
cations in a lock chamber. These locations were located at upper pool,
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ANGLE OF CAMERAS AT LOCK AND DAM 22
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34

around the gates (both lower and upper and limited to two monoliths into
lock chamber), lock walls during emptying and filling of the lock, and at
lower pool However, only the 1mpacts at upper pool and around the up-

P | ssom 1= e

per gate will be presented at this time for use in the probabilistic model by

taxr at

Da al
rawy i di.

The determination if a barge impacted the lock wall was based either
on a continuous rub along the lock wall by a barge or a single “bump” of
the barge against the lock wall. Barge impacts were counted during each
lockage for each camera view (upstream and downstream) This countmg
process auowea IOI' a total number of impa é

1

+ 1
tire lock

[e]
-
17}

distance of one wall which is 600 ft in length.

o 1

The mean value determined from the monitoring for the number of im-
pacts per lockage was 2.52 impacts per lockage or 1.26 impacts per wall
This statistic was based on a total number of 281 lockages and a total of
709 impacts on the lock chamber over a 7-week period. The standard de-

viation for the number of impacts was very high, since the distribution of
the lockages showed that many lockages had no impacts while some had
many. This fact is clearly shown by the frequency distribution and histo-

_gram of the number of impacts per lockage. These are shown in Figures 27

and 28, respectively.

Ibid.
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lower gates (both at time of entry and at time of mooring) and ata point
approximately at midchamber. The velocities are also broken into up-
stream and downstream lockages because the velocities are different due
to the effects of the current. These locations are shown in Figure 29.

~—— UPSTREAM LOCKAGE

1 1 1 |
AT MOORING AROUND GATE |

MIDCHAMBER

MIDCHAMBER
AROUND GATE AT MOORING |

DOWNSTREAM LOCKAGE —M—

Figure 29. Locations of velocity measurements
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The velocities of the tows s 1ces
between monoliths or markmg on the lock walls and measuring the actual
amount of time it took to travel that distance by the time on the tape The
average velocity over that distance was the velocity value that was ob-
tained. The tow velocities were taken from a 4-week period from Decem-

ber 16, 1995 to January 14, 1994, over a.total number of 135 lockages.

The average tow velocities and representative coefficients of variation

COV) for lockages downstream and upstream are shown in the Table 3
Tabie 3

Tow Velocities at Lockport Lock and Dam

Mean

Downstream Lockage mph fiis Cov

Around gate 1.88 2.75 0.42

Midchamber 1.79 2.63 0.44

At mooring 0.71 1.04 0.38

Upstream Lockage

Around gate 1.56 2.29 0.49

Midchamber 1.31 1.91 0.45

At mooring 0.55 0.82 0.49




Fluctuation in pool times

The fluctuations in pool times were determined from the monitoring by
analyzing the amount of time that a pool stayed at a continuous level, i.e.,
upper or lower pool. The times were measured directly from the videotapes
from the time when the pool level was reached to the time it started to rise
or drop. The pool times determined at the start and end of each videotape,
i.e., 5:00 a.m. and 8:00 p.m., were not utilized since it was not known how
long the pools were at these levels. This dwell time is crucial to determin-
ing the depth that saturation can penetrate the concrete at upper pool. The
determination of this value for dwell time will be directly input into the
probabilistic model discussed by Patev et al.!

The pool times were determined both for Lockport Lock and Dam and
Lock and Dam 22 based on actual monitored field times. The actual field
times for Lockport are applicable to a lock that is generally operational
during the winter months. The actual field times for Lock and Dam 22 are
applicable to a nonoperational lock that is at a slowdown down for the win-
ter months. Each location tends to have a different distribution of times at
upper pool. This again determines the actual dwell time that the concrete
can saturate.

There are other factors that could assist in determining the dwell time.
These may be known operational procedures that occur at a lock with the
pools. For example, at Lockport the operational procedure during the win-
ter in a slowdown period is to cycle the pools every 2 hours to keep the oil
from freezing. A factor like this could be used as a reasonable basis for
the value of the dwell time.

The pool time for Lockport was based on 216 upper pool observations
and 219 lower pool observations. The pool times for Lock and Dam 22
were based on 142 upper pool observations and 181 lower pool observations.
The values for the mean pool times for each lock are shown in Table 4.

;ZglleT?mes at Lockport Lock and Dam and Lock and Dam 22
Lockport Min Hr

Upper pool 93.04 1.62

Lower pool 71.76 1.19

Lock and Dam 22

Upper pool 71.71 1.19
‘Lower pool 245.6 4.09
' Ibid.

Chapter 3 Data Collection Using Time-Lapse Videotape
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Histogram Data for Lower Pooi Times
at Lockport

Bin Frequency Cumulative %
20 23 10.65
40 61 38.89
60 48 61.11
80 24 72.22

100 11 77.31

120 13 83.33

140 9 87.50

160 4 89.35

180 2 90.28

200 i3 96.30

300 7 99.54

400 1 100.00

500 0 100.00

600 ] 100.00

Histogram Data for Upper Pool Times
at Lockpoit

Bin Frequency Cumulative %
20 44 20.37
40 53 44.91
60 41 63.89
80 20 73.15

100 i3 79.17

i20 7 82 .41

140 7 85.65

160 6 88.43

180 2 89.35

200 10 93.98

300 7 97.22

400 3 98.61

500 3 100.00

600 0 100.00

Figure 30. Frequency distributions for upper and lower pool times at

Lockport Lock and Dam
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Figure 31. Histogram of upper pool times at Lockport Lock and Dam
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HISTOGRAM FOR UPPER POOL TIMES AT LOCK AND DAM 22
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Figure 34. Histogram of upper pool times at Lock and Dam 22
HISTOGRAM FOR LOWER POOL TIMES AT LOCK AND DAM 22
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Figure 35. Histogram of lower pool times at Lock and Dam 22
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Lockages for ice

Winter weather directly affects the number of loading cycles for fatigue
assessment of miter gates because some locks are completely closed to
river traffic during the winter months because of ice buildup on the river,
and no loading cycles occur during the winter. Other locks are operated
year-round and experience buildup of ice in the upper approach regions of
locks. Sometimes, miter gates are operated for the purpose of passing ice
flows to reduce ice buildup in the upper approach and to relieve any pres-
sure on the gates. The loading cycles for managing the ice flow are usu-
ally not recorded in operational logs.

The daily hardware cycles can be computed and adjusted for ice hard-
ware cycles (Ayyub et al.).! A hardware cycle is a mechanical emptying
or filling of a lock chamber. The adjustment for the ice lockages was
based on time-lapsed videotapes in the winter months of 1993-1994 for
Lock and Dam 22 and Lock and Dam 25. The time-lapse videotapes
showed 63 and 75 ice lockages, respectively, over periods of 77 and 65
days, respectively. Therefore, an average of one ice lockage per day can
be added to the computed lockage cuts, and similarly, two ice hardware cy-
cles per day were added to the computed hardware cycles. However, this
is true only for the months of January and February of each year, since
this is when the river is frozen over and ice jams need to be flushed
through the lock’s chamber. These unrecorded loading cycles can contrib-
ute up to as many as 6,000 additional hardware cycles over the lifetime of
a miter gate, i.e., 50 years. These unrecorded lockages were not pre-
viously accounted for in the fatigue reliability assessment of the miter
gates.

! B. M. Ayyub, M. P. Kaminsky, R. C. Patev, and M. A. Leggett. “Loading cycles for

the fatigue reliability analysis of miter gates,” Technical Report ITL-95-12, U.S. Army En-
gineer Waterways Experiment Station, Vicksburg, MS.

Chapter 3 Data Collection Using Time-Lapse Videotape
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The data collected as part of this study were crucial in developing the
proper constraints for the UMR-IWW concrete deterioration model. With-

out the collection of data from this study, the model may have predicted a
single value for the depth of concrete loss without recognizing the pattern
of loss that occurs in the field. Since the UMR-IWW deterioration model
was a first iteration in the development process, resuits from this study

,,,,, wlr Ao

can heip to refine the direction of future work as more data are collected.

a
cu

This study also greatly enhanced our knowledge of collecting physical
field data. Tymcally, the collection of physical f1eld data is an expensive
and tedious work effort. This study resulted in a substantial reduction in
cost and manpower levels required to collect the variety of physical field
data that were cataloged. These videotapes have also been used to investi-
gate other physical fieid data such as locking of ice and debris and hydrau-
lic flow conditions of lock approaches.
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Appendix A

Field Logs for Lockport Loss
Measurements

Appendix A Field Logs for Lockport Loss Measurements
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-.‘c*k-k-kk{:'.‘c-k**'k******:‘c*i**%%***k***k*.zl:zkzki:i:ﬂ.l:k:k:k:kktt**************k
LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 63
-k-kk******k*******k**************************************k***k*

LAND WALL LAND WALL
MONOLITH 14, CENTERLINE MONOLITH 16, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584 0.000 0.000 584 0.0600 0.060
583 -0.010 0.000 583 0.010 0.000
582 0.000 0.010 582 0.010 0.020
581 0.000 0.000 581 0.010 0.020
580 -0.010 0.000 580 0.000 0.050
579 -0.010 -0.010 579 6.050 0.080
578 -0.010 -0.010 578  0.160  0.260
577 -0.010 -0.010 577 0.400 0.470
576 -0.010 0.000 576 0.360 0.500
575 -0.010 0.000 575 0.300 0.410
574 -0.020 -0.010 574 0.270 0.350
573 0.000 -0.030 573 0.160 0.260
572 0.060 0.080 572 0.100 0.220
571 0.060 0.080 571 0.080 0.170
570 0.030 0.040 570 0.080 0.140
569 0.000 0.060 569 0.080 . 0.150
568 -0.010 0.000 568 0.070 0.120
567 -0.010 0.020 567 0.040 0.110
566 0.030 0.030 566 -0.020 0.080
565 -0.010 0.030 565 -0.100 -0.030
564 -0.030 -0.050 564 -0.080 0.020
563 -0.030 -0.040 563 0.100 0.100
562 -0.030 -0.040 562 0.090 0.170
561 -0.020 -0.040 561 0.070 0.150
560 -0.020 -0.040 560 0.010 0.130
559 -0.010 -0.030 559 -0.040 0.020
558 -0.010 0.020 558 -0.070 0.020
557 0.030 0.040 557 -0.050 -0.020
556 0.000 0.100 556 -$.080 -£.08¢
555 0.020 0.010 555 -0.060 -0.080
554 0.020 -0.010 554 0.000 0.000
553 0.010 0.030 553 0.000 0.040
552 0.020 -0.020 552 -0.030 0.000
551 0.050 -0.010 551 -0.010 0.040
550 0.030 -0.020 550 0.000 0.010
549 0.020 -0.010 549 0.020 0.010
548 0.020 -0.010 548 0.080 0.080
547 0.040 0.000 547 0.030 0.130
546 0.030 -0.010 546 0.160 0.180
545 0.050 0.000 545 0.140 0.180
544 0.050 0.000 544 0.130 0.190
543 0.050 543 0.140 0.180
542 0.050 542 0.060
541 0.040 541 0.130
540 0.040 540 0.160
539 0.030 539 0.050
AVERAGE 0.011 0.004 0.065 0.115
MAX 0.060 0.100 0.400 0.500
Appendix A Field Logs for Lockport Loss Measu
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
hkhkkhkhhkhkhhkRhkRkARhkhkhhhhhkhhhhdhhhhhkhkhhhhhhkhkrhhdhhhhhhrdhhhhhhhhkhhkkk

LAND WALL LAND WALL
MONOLITHS 20,22 JOINT MONCOLITH 22, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) : (FT) (FT)
584 0.000 0.000 584 0.000 0.000
583 0.000 0.020 583 -0.020 0.000
582 0.060 0.110 582 -0.020 0.000
581 0.170 0.040 581 -0.020 0.000
580 0.160 0.180 580 -0.020 0.000
579 0.170 0.250 575 -0.020 -0.010
578  0.180  0.380 578  -0.030  0.020
577 0.310 0.540 577 0.000 0.080
576 0.460 0.630 576 0.130 0.270
575 0.360 0.610 575 0.240 0.300
574 0.240 0.380 574 0.200 0.230
573 0.070 0.280 573  0.120  0.180
572 0.050 0.350 572 0.020 0.120
571 0.060 0.250 571 -0.020 0.040
570 0.000 0.180 570 0.030 0.040
569 0.050 0.100 569 -0.040 0.030
568 0.000 0.050 568 -0.050 -0.040
567 0.000 0.130 567 -0.060. -0.040
566 0.010 0.110 566 -0.070 -0.050
565 -0.010 0.110 565 -0.070 -0.060
564 0.110 0.160 564 -0.060 -0.050
563 -0.030 0.060 563 -0.060 0.060
562 0.010 0.060 562 0.040 0.080
561 -0.010 0.130 561 0.020 0.120
560 0.020 0.030 560 0.010 0.100
559 0.040 0.040 559 -0.030 0.090
558 0.040 0.030 ; 558 -0.040 0.070 .
557 0.010 0.110 557 -0.030 0.030
556 0.030 0.050 556 -0.030 0.000
555 0.040 0.110 555 0.050 0.050
554 0.050 0.060 554 -0.030 -0.020
553 0.100 0.010 553 -0.030 -0.020
552 0.050 0.000 552 -0.030 -0.020
551 0.050 0.120 551 -0.02¢0 -0.020
550 0.070 0.050 550 -0.010 -0.010
549 0.070 0.050 ‘ 549 -0.010 -0.010
548 0.050 0.010 548 0.000 0.000
547 '0.100 0.000 547 0.010 0.000
546 0.080 0.060 546 0.030 0.010
545 0.080 0.110 545 0.050 0.080
544 0.110 0.090 544 0.060 0.050
543 0.090 0.090 543 0.060 0.060
542 0.120 0.170 542 0.060 0.040
541 0.090 541 0.050
540 0.070 540 0.050
539 0.060 539 0.030
RVERAGE 0.083 0.147 0.010 0.042
MAX 0.460 0.630 0.240 0.300
Appendix A Field Logs for Lockport Loss Measurements
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
khkkhhhhhkhhkhhhhhhhhhhkhhhhk kA hkhhkhhhhhhhhhhhhhhhhdhhkhdhhhhkhxk:

*r mar T AATM TIRT T

LAND WALL LAND WALL

MONOLITH 26, CENTERLINE MONOLITH 32, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584 0.000 0.000 584 0.000 0.000
583 0.040 0.030 583 -0.010 0.010
582 0.030 0.020 582 0.000 0.010
581 0.030 0.030 581 0.000 0.010
580 0.030 0.020 580 0.000 0.010
579 6.020 0.020 579 0.000 0.010
578 0.020 0.020 578 0.000 0.020
577 0.020 0.020 577 0.060 0.110
576 0.110 0.220 576 - 0.150 0.260
575 0.150 0.200 575 0.140 0.200
574 0.080 0.150 574 0.060 0.160
573 0.010 0.060 573 0.060 0.090
572 0.020 0.030 572 0.050 0.090
571 0.010 0.010 571 0.140 0.190
570 0.010 0.000 570 0.260 0.230
569 6.000 -0.010 569 0.180 . 0.280
568 ~-0.010 -0.010 568 0.220 0.300
567 -0.010 0.020 567 0.280 0.380
566 0.140 0.150 566 0.210 0.270
565 0.120 0.220 565 0.190 0.210
564 0.060 0.15¢0 564 0.160 0.140
563 0.060 0.120 563 0.110 0.130
562 0.050 0.100 562 0.060 0.110
561 0.010 0.030 561 0.120 0.140
560 -0.040 0.020 560 0.060 0.110
559 =0.040 -0.040 559 0.040 0.050
558 -0.040 -0.050 - 558 0.030 0.040°
557 -0.030 -0.040 557 0.010 0.020
556 0.030 0.050 556 0.030 0.030
555 0.030 0.050 555 0.000 0.020
554 0.020 0.040 554 0.010 0.000
553 0.060 0.060 553 0.050 0.040
552 0.000 0.030 552 0.060 0.060
551 0.020 -0.010 551 0.050 -0.010
550 0.010 0.030 550 0.020 -0.020
549 0.010 0.010 549 0.000 -0.020
548 0.030 -0.010 548 0.010 -0.020
‘547 0.030 0.000 547 0.030 -0.010
546 0.050 0.040 546 0.010 0.000
545 0.080 0.080 545 0.050 0.050
544 0.060 0.080 544 0.040 0.050
543 0.010 0.010 543 0.020 0.020
542 0.010 0.020 542 0.030 0.020

541 0.020 541 0.040

540 0.010 540 0.020

539 0.000 539 0.020
AVERAGE 0.029 0.048 0.067 0.088
MAX 0.150 0.220 0.280 0.380
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
hkkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhkhdhhhhhhhhhhhhhhhhhhkhkik:

LAND WALL LAND WALL

MONOLITH 34, 1i' DS OF US JT MONOLITH 34, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584  0.000 0.000 584 0.000 0.000
583 0.000 0.030 583 0.000 0.030
582 0.000 0.010 582 0.000 0.020
581 0.000 0.010 581 0.000 0.010
580 0.010 0.030 580 0.000 0.010
579 0.070 0.040 579 0.000 0.020
578 0.150 0.180 578 0.070 0.150
577 0.460 0.510 577 0.440 0.700
576 0.450 0.530 576 0.440 0.600
575 0.260 0.430 575 0.250 0.460
574 0.200 0.300 574 0.260 0.360
573 0.220 0.270 573 0.210 0.290
572 0.140 0.250 572 0.150 0.180
571 0.180 0.180 571 0.220 0.230
570 0.150 0.180 570 0.170 0.270
569 0.060 0.100 569 0.140 0.210
568 0.010 0.010 568 0.120 0.170
567 0.000 -0.020 567 0.140 0.160
566 -0.020 -0.030 566 0.080 0.140
565 6.000 =0.040 565 0.000 0.050
564 -0.030 0.000 564 -0.030 0.000
563 -0.030 -0.040 563 -0.030 -0.030
562 0.010 0.000 562 ~0.050 -0.050
561 0.040 0.600 561 -0.060 -0.080
560 0.080 0.020 560 -0.040 -0.090
559 0.100 0.060 559 -0.050 -0.090
558 0.070 0.030 558 -0.040 -0.090
557 0.040 0.000 557 -0.040 -0.090
556 0.050 0.060 556 -0.020 -0.090
555 0.060 0.080 555 -0.020 -0.060
554 0.050 0.030 554 0.070 0.050
553 0.080 0.070 553 0.090 0.010
552 0.050 0.030 552 0.000 -0.020
551 0.110 0.010 551 0.020 ~0.070
550 0.050 0.000 550 0.020 -0.060
549 0.030 -0.020 549 0.020 -0.060
548 0.070 0.010 548 0.030 -0.020
547 0.070 0.020 547 0.030 -0.030
546 0.110 0.010 546 0.100 0.060
545 0.060 0.020 545 0.150 0.150
544 0.070 0.050 544 0.120 0.090
543 6.060 0.040 543 0.060 0.000
542 0.080 0.010 542 0.070 0.010

541 0.120 541 0.040

539 0.040 539 0.010
AVERAGE 0.083 0.080 0.0695 0.081
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khkhkhhhhhkhhhhkhhhhhhhhhhhhhhhrhkhkhkkhkhkhhhkhhhhkhhhkthhhhhhdhhhhhhhx
1.0CKRPORT CONCRETE I.OSS SURVEYS IN JUL 84 AND JAN 93

LUOCKRPURT CUONCRETLE LUODO OURVLEIO 41y Uvd U 4R w2l
kkdkhhhkhkhkhkhkhkhhkhhhhkhhhhhhhhrhhhhkhkhkhhhhhhhhhhhhkhdhkdhhkhkhhkhdhdhhhkk:
LAND WALL LAND WALL
MONOLITH 44, 4' US OF DS JT MONOLITH 48, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584 0.000 0.000 584 0.000 0.000
583 0.040 0.050 583 0.050 0.090
582 0.050 0.050 582 0.070 0.110
581  0.060  0.060 581  0.100  0.110
580 0.070 0.060 580 0.140 0.160
579 0.070 0.070 579 0.190 0.200
578 0.170 0.240 578 0.460 0.450
577 0.460 0.580 577 0.800 0.890
576  0.350  0.440 576  0.500  0.600
575 0.340 0.380 575 0.360 0.480
574 0.280 0.330 574 0.260 0.490
573 0.200 0.200 573 0.220 0.340
572 0.210 .210 572 0.270 0.430
571 0.150 0.140 571 0.260 0.330
570 0.100 0.120 570 0.270 0.290
569 0.050 0.080 569 0.190 0.280
568 0.040 0.0060 568 0.200 0.300
567 0.040 -0.020 567 0.220 0.280
566 0.040 -0.020 566 0.170 0.160
565 0.050 -0.010 565 0.260 0.280
564 0.060 0.090 564 0.260 0.230
563 0.060 0.040 563 0.330 0.270
562 0.060 -0.030 562 0.270 0.280
561 0.060 -0.010 561 0.220 0.230
560 0.140 0.120 560 0.210 0.240
559 0.100 0.080 555 0.200 0.200
558 0.060 -0.050 558 0.110 0.150
557 0.050 0.000 557 0.280 0.200
556 0.050 -0.020 556 0.310 0.210
555 0.050 0.000 555 0.160 0.150
554 0.050 -0.070 554 0.170 0.100
553 0.140 0.080 553 0.110 0.090
552 0.120 0.080 552 0.110 0.070
551 0.130 -0.010 551 0.090 -0.020
550 0.100 0.020 550 0.190 0.110
549  0.080 -0.020 549  0.290  0.170
548 0.080 -0.030 548 0.190 0.120
547 0.070 -0.020 547 0.110 0.020
546 0.110 0.000 546 0.130 0.0650
545 0.100 =0.010 545 0.180 0.140
544 0.110 0.010 544 0.100 0.140
543 0.130 0.040 543 0.070 0.150
541 0.130 541 0.040
540 0.130 540 0.000
539 0.120 539 0.000
AVERAGE 0.113 0.077 0.200 0.227
MAX 0.460 0.580 0.800 0.890
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
kkkhkkkkhkhhkhkhhkkhkhkhhhhhhhkhhhhhhhkhkkkhkhkhhhkhkkhkhhhkhkhhhkhhkikkhkhkkhhhk®

RIVER WALL RIVER WALL

MONOLITH 23, CENTERLINE MONOLITH  39/41  JOINT
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584  0.000  0.000 584  0.000  0.000
583  0.020  0.030 583  0.140  0.150
582  0.020  0.020 , 582  0.140  0.160
581  0.030  0.030 581  0.140  0.160
580  0.040  0.060 580  0.150  0.170
579  0.080  0.090 579  0.170  0.170
578  0.160  0.260 578  0.160  0.210
577  0.300  0.400 577  0.360  0.430
576  0.210  0.320 576  0.290  0.340
575  0.230  0.290 575  0.200  0.240
574  0.110  0.230 574  0.230  0.230
573  0.120  0.150 573  0.160  0.180
572  0.130  0.160 572  0.180  0.250
571  0.110  0.150 571  0.190  0.230
570  0.140  0.160 570  0.170  0.170
569  0.250  0.250 569  0.160 . 0.190
568  0.250  0.330 568  0.160  0.180
567  0.150  0.190 567 - 0.200  0.240
566  0.070  0.100 566  0.230  0.280
565  0.050  0.060 565  0.170  0.200
564  0.040  0.090 564  0.170  0.190
563  0.070  0.150 563  0.180  0.200
562  0.060  0.150 562  0.140  0.160
561  0.070  0.040 561  0.170  0.130
560  0.050  0.040 560  0.160  0.110
559  0.020  0.010 559  0.170  0.110°
558  0.030  0.020 558  0.200  0.140
557 0.010 -0.020 557  0.160  ©0.090
556  0.050  0.030 556  0.170  0.150
555  0.150  0.150 555  0.270  0.320
554  0.040  0.050 554  0.120  0.100
553  0.060  0.060 553  0.130  0.080
552  0.050  0.040 552  0.140  0.080
551  0.050  0.000 551 0.170  0.100
550  0.040  0.000 550  0.160  0.100
549  0.050  0.010 549  0.170  0.090
548  0.090  0.050 548  0.170  0.130
547  0.070  0.050 547  0.190  0.110
546  0.110  0.130 546  0.150  0.090
545  0.150  0.110 545  0.190  0.110
543 0.080 0.020 543 0.160 0.110
542 0.080 0.020 542 0.150 0.120

541 0.080 541  0.150

540  0.080 540  0.210

539 0.080 539 0.100
AVERAGE 0.092 0.105 0.172 0.166
MAX 0.300 0.400 0.360 0.430

Appendix A Field Logs f A13

O wPon 2 ™ suremenic



kkkhkhhkhkhhkhkhkhhkhhhkhhhhhhhhhhkhhrhkhhhkhhkhhdhhhkhhhkkhkhkkkkkhhhhkhhhx:

LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
kkkhhhhhkhhhhhhhkhkhhhhhhhhhhhhkkhhhhhhhhhhhhhhhhhhhkhhhhdhhhhhhhx

RIVER WALL RIVER WALL
MONOLITH 41 1' DS OF US JT MONOLITH 41, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
584 0.000 0.000 584 0.000 0.000
583 0.010 0.040 583 -0.010 0.000
582 0.030 0.100 582 -0.010 0.000
581 0.030 0.050 581 -0.010 0.000
580 0.060 0.100 580 -0.030 0.000
579 0.070 0.140 579 ~-0.020 0.010
578 0.160 0.250 578 0.080 0.180
577 0.320 0.420 577 0.240 0.360
576 0.270 0.320 576 0.190 0.300
575 0.220 0.320 _ 575 0.110 0.180
574 0.140 0.220 574 0.090 0.190
573 0.060 0.180 573 0.040 0.120
572 0.020 0.140 572 0.020 0.110
571 0.030 0.100 571 -0.010 0.110
570 0.150 0.120 570 0.020 0.060
569 0.010 0.040 569 ~-0.060 -0.070
568 0.000 0.060 568 -0.050 0.000
567 0.030 0.130 567 -0.050 0.050
566 0.180 0.200 566  0.070 0.140
565 0.120 0.140 565 0.090 0.140
564 -0.010 0.110 564 0.070 0.130
563 0.020 0.130 563 -0.010 0.090
562 0.000 0.070 562 -0.030 0.020
561 0.010 -0.020 561  -0.040 0.010
560 0.000 0.060 560 -0.040 -0.040
559 0.020 0.000 559 -0.040 -0.030.
558  0.000 0.050 . 558 -0.020 -0.030
557 0.020 0.020 557 -0.030 -0.020
556 0.020 0.080 556 -0.040 0.010
555 0.030 0.080 555 0.050 0.010
554 0.020 0.010 554 0.010 0.130
553 0.020 0.000 . 553 0.000 0.120
552 0.040 0.010° 552 -0.010 0.040
551 0.020 0.000 551 -0.010 -0.010
550 0.040 0.010 550 0.000 0.0Q0
549 0.040 0.010 549 0.000 0.010
548 0.050 0.010 548 0.000 0.010
547 0.050 0.010 547 0.010 0.010
545 0.040 0.040 545 0.030 0.020
544 0.060 0.040 544 0.070 0.100
543 0.060 0.030 543 0.030 0.030
542 0.060 0.020 542 0.030 0.030
541 0.050 541 0.020
540 0.050 540 0.020
539 0.050 539 0.020
AVERAGE 0.059 0.089 0.017 0.062
MAX 0.320 0.420 0.240 0.360
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
dhkkhkhkhkhkkhhhhhhhhhhhhhhhkhhhhkhhrrhhhkhhhhhhhhhhhhhhhhhhhkdhsx

RIVER WALL
MONQOLITH 47 1' DS QF uUs JT
ELEV LOSS 84 LOSS 93
(FT) (FT)
584 0.000 0.060
583 0.000 0.010
582 0.000 0.010
581 -0.010 0.010
580 -0.010 0.010
579 ~-0.010 0.010
578 -0.010  0.010
577 -0.010 0.040
576 0.050 0.190
575 0.120 0.300
574 0.200 0.320
573 0.220 0.350
572 0.180 0.270
571 0.090 0.130
570 -0.020 0.010
569 -0.020 -0.010
568 -0.020 0.000
567 -0.030 -0.010
566 -0.030 -0.020
565 -0.030 =0.030
564 -0.020 -0.030
563 -0.020 -0.020
562 0.010 0.060
561 0.060 -0.020
560 0.030 0.100
559 0.060 0.110
558 0.010 0.090
557 0.000 0.050
556 0.000 0.060
555 0.010 0.030
554 0.030 0.100
553 0.040 0.130 "
552 0.040 G.130
551 0.050 0.100
550 0.010 0.080
549 0.010 0.050
548 0.010 0.020
547 0.010 0.010
546 0.010 0.010
545 0.020 0.060
544 0.030 0.050
543 0.040 0.060
542 0.040 0.050
541 0.050
540 0.030
535 0.030
AVERAGE 0.026 0.067
MAX 0.220 0.350

A15
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
kkkhhkhkhkhhhhkhhkhhhhhkhhhhhhhhhhhhkhhhhhhhhkhhkhkhkdkhhhhhkhhhhhhhhhkhhhkdk

LAND WALL - BETWEEN POOLS

MONOLITH 14, CENTERLINE

ELEV LOSS 84 LOSS 93

(FT) (FT)

578 -0.010 -0.010
577 -0.010 -0.010
576 -0.010 0.000
575 -0.010 0.000
574 -0.020 -0.010
573 0.000 -0.030
572 0.060 0.080
571 0.060 0.080
570 0.030 0.040
569 0.000 0.060
568 -0.010 0.0G0
567 -0.010 0.020
566 0.030 0.030
565 -0.010 0.030
564 -0.030 -0.050
563 -0.030 -0.04¢C
562 -0.030 -0.040
561 -0.020 -0.040
560 ~0.020 -0.040
559 -0.010 -0.030
558 -0.010 0.020
557 0.030 0.040
556 0.000 0.100
555 0.020 0.010
554 0.020 -0.010
553 0.010 0.030
552 0.020 -0.020
551 0.050 -0.010
550 0.030 -0.020
549 0.020 -0.010
548 0.020 -0.010
AVERAGE 0.005 0.005
MAX 0.060 0.080C

LAND WALL - BETWEEN POOLS
MONQLITH 16, CENTERLINE
ELEV LOSS 84 LOSS 93
{FT) (FT)

578 0.160 0.260

577 0.400 0.470

576 0.360 0.500

575 0.300 0.410

574 0.270 0.350

573 0.160 0.260

564 -0.080
563 0.100 0.100

560  0.010  0.130
559  -0.040  0.020

555 -0.060 -0.080
554 0.000 0.000

551 -0.010 0.040
550 0.000 0.010
549 0.020 0.010
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93
kdkkhkdkhkdkdththd bbbtttk i ddhkdddhdhhbbhkhkhhhhhdhhhhhhhhkhhhhhhhhhhhhkhdh ki

HAARNRTRTRIIRXT

LAND WALL - BETWEEN POOLS LAND WALL - BETWEEN POOLS

MONOLITHS 20/22 JOINT MONOLITH 22, CENTERLINE

ELEV L0OSS 84 LOSS S3 EL‘é‘J LOSS 84 LCSS 93

(FT) (FT) -(FT) (FT)

578 0.180 0.380 578 -0.030 0.020

577 0.310 0.540 577 0.000 0.080

576 0.460 0.630 576 0.130 0.270

575 0.360 0.610 575 0.240 0.300

574 0.240 0.380 574 0.200 0.230

573 0.070 0.280 573 0.120 0.180

572 0.050 0.350 572 0.020 0.120

571 0.060 0.250 571 -0.020 0.040

570 0.000 0.180 570 0.030 0.040

569 0.050 0.100 569 -0.040 0.030

568 0.000 0.050 568 -0.050 -0.040

567 0.000 0.130 567 -0.060 -0.040

566 0.010 0.110 566 -0.070 -0.050

565 -0.010 0.110 565 -0.070 -0.060

564 0.110 0.160 564 -0.060 ~0.050

563 -0.030 0.060 563 -0.060 0.060

562 0.010 0.060 562 0.040 0.080

561 -0.010 0.130 561 0.020 0.120

560 0.020 0.030 560 0.010 0.100

559 0.040 0.040 559 -0.030 0.090

558 0.040 0.030 558 -0.040 0.070

557 0.010 0.110 557 -0.030 0.030

556 0.030 0.050 556 -0.030 0.000

555 0.040 0.110 555 0.050 0.050

554 0.050 0.060 554 -0.030 -0.020

553 0.100 0.010 553 -0.030 -0.020

552 0.050 0.000 552 -0.030 -0.020

551 0.050 0.120 551 -0.020 -0.020

550 0.070 0.050 550 -0.010 -0.010

549 0.070 0.050 549 -0.010 -0.010

548 0.050 0.010 548 0.000 0.000

AVERAGE 0.080 0.167 0.005 0.051

MAX 0.460 0.630 0.240 0.300
endix A Field Logs for Lockport Loss Measurements A17



khkhhhkhkhkhkhkhhkhhkhkkhhhhhhkhhhhhhkhhhdhhhhhkhhhhhhkhhkhhkhhhkhdhhhhhhhhhhk

LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93

KRR R X AR AT R AR AT AR ARNR AN AN EEAKXRN XK EARXRKEXKEAARAEXRERNEXEXERERNEXEARARAAAANASAAANANANARAAANARAARAERNEAIAARATREKXRYX
LAND WALL - BETWEEN POOLS LAND WALL - BETWEEN POOLS
MONOLITH 26, CENTERLINE MONOLLTH 32, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)

578 0.020 0.020 578 0.000 0.020

577 0.020 0.020 577 0.060 0.110

576 0.110 0.220 576 0.150 0.260

575 0.150 0.200 575 0.140 0.200

574 0.080 0.150 574 0.060 0.160

573 0.010 0.060 573 0.060 0.090

572 0.020 0.030 572 0.050 0.090

571 0.010 0.010 571 0.140 0.190

570 0.010 0.000 570 0.260 0.230

569 0.000 -0.010 569 0.180 0.280

568 -0.010 ~-0.010 568 0.220 0.300

567 -0.010 0.020 567 0.280 0.380

566 0.140 0.150 566 0.210 0.270

565 0.120 0.220 565 0.190 0.210

564 0.060 0.150 564 0.160 . 0.140

563 0.060 0.120 563 0.110 0.130

562 0.050 0.100 562 0.060 0.110

561 0.010 0.030 561 0.120 0.140

560 -0.040 0.020 560 0.060 0.110

559 -0.040 -0.040 559 0.040 0.050

558 -0.040 -0.050 558 0.030 0.040

557 ~-0.030 -0.040 557 0.010 0.020

556 0.030 0.050 556 0.030 0.030

555 0.030 0.050 555 0.000 0.020

554 0.020 0.040 554 0.010 0.000

553 0.060 0.060 . 553 0.050 0.040

552 ° 0.000 0.030 552 0.060 0.060

551 0.020 -0.010 551 0.050 -0.010

550 0.010 0.030 550 0.020 -0.020

549 0.010 0.010 549 0.000 -0.020

548 0.030 -0.010 548 0.010 -0.020
AVERAGE 0.029 0.052 0.091 0.116

MAX 0.150 0.220 0.280 0.38

Appendix A Field Logs for Lockport Loss Measurements



hkkkhhkhkhkhkhkhhkhhkhhhkhhhhkhkhdhhhhhhhkhhhhhhhhhhdhdhhhhhhdhkhrkkdxkikkikk

TOACYDOART COANCRETE TACC CITRURVYVS TN JIII,. 84 AND JAN a3
LI\ INL \JIN L AUINCOING L D LJOoV DUV LI O L AN (VA V] U AAANAS U aaaN -~

khkhkkhkhhhhkhkhhkhhhhhhkhkhkhkhhhhhkhhkhhhhkhkhkhkhhkhkhkhhhhihhhhhhhdhkhhhhhkhkhhk

LAND WALL - BETWEEN POOLS LAND WALL - BETWEEN POOLS
MONOLITH 34, 1' DS OF US JT MONOLITH 34, CENTERLINE
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)

578 0.150 0.180 578 0.070 0.150

577 0.460 0.510 577 0.440 0.700

576 0.450 6.530 576 0.440 0.600

575 0.260 0.430 575 0.290 0.460

574 0.200 0.300 574 0.260 0.360

573 0.220 0.270 573 0.210 0.290

572 0.140 0.250 572 0.150 0.180

571 0.180 0.180 571 0.220 0.230

570 0.150 0.180 570 0.170 0.270

569 0.060 0.100 569 0.140 0.210

568 0.010 0.010 568 0.120 0.170

567 0.000 -0.020 567 0.140 0.160

566 -0.020 -0.030 566 0.080 0.140

565 0.000 -0.040 565 0.000 0.050

564 -0.030 0.000 564 -0.030 0.000

563 -0.030 -0.040 563 -0.030 '~0.030

562 0.010 0.000 562 -0.050 -0.050

561 0.040 0.000 561 -0.060 -0.080

560 0.090 0.020 560 -0.040 -0.090

559 0.100 0.060 559 -0.050 -0.090

558 0.070 0.030 558 -0.040 -0.090

557 0.040 0.000 557 -0.040 -0.090

556 0.050 0.060 556 -0.020 -0.090

555 0.060 0.080 555 -0.020 -0.060

554 0.050 0.030 554 0.070 0.050

553 0.080 0.070 . 553 0.090 0.010

552 . 0.050 0.030 552 0.000 -0.020

551 0.110 0.010 551 0.020 -0.070

550 0.050 0.000 550 0.020 -0.060

549 0.030 -0.020 549 0.020 -0.060

548 0.070 0.010 548 0.030 -0.020
AVERAGE 0.100 0.103 0.084 0.101
MAX 0.460 0.530 0.440 0.700
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93

ESAVA AT T AT LR L U2 ) L U2 QAT iP 0T S V4w fO | ZIo

khkhkhhhhkhhkhhkhhkkhhkhhhhhhhhhkhdhhhhhhhhhdhhhhhhhdhhhhhkdhhhhhkhhdhks

LAND WALL - BETWEEN POOLS LAND WALL - BETWEEN POOLS

MONOLITH 44, 4' US OF DS JT MONOLITH 48, CENTERLINE

ELEV LQSS 84 LOSS 93 ELEV LOSS 84 LOSS 93

(FT) (FT) A(FT) (FT)

578 0.170 0.240 578 0.460 0.450

577 0.460 0.580 577 0.800 0.880

576 0.350 0.440 576 0.500 0.600

575 0.340 0.380 575 0.360 0 480

574 0.280 0.330 574 0.260 .490

573 0.200 0.200 573 0.220 0.340

572 0.210 G.210 572 0.270 0.430

571 0.150 0.140 571 0.260 0.330

570 0.100 0.120 570 0.270 0.290

569 0.050 0.080 569 0.190 0.280

568 0.040 0.000 568 0.200 0.300

567 0.040 -0.020 567 0.220 0.280

566 0.040 -0.020 566 0.170 0.160

565 0.050 -0.010 565 0.260 0.280

564 0.060 0.090 564 0.260 0.230

563 0.060 0.040 563 0.330 ° 0.270

562 0.060 -0.030 562 0.270 0.280

561 0.060 -0.010 561 0.220 0.230

560 0.140 0.120 560 0.210 0.240

559 0.100 0.080 559 0.200 0.200

558 0.060 -0.050 558 0.110 0.150

557 0.050 0.000 557 0.280 0.200

556 0.050 -0.020 556 0.310 0.210

555 0.050 0.000 555 0.160 0.150

554 0.050 -0.070 554 0.170 0.100

553 0.140 0.080 553 0.110 0.090

552 0.120 0.080 552 0.110 0.070

551 0.130 -0.010 551 0.090 -0.020

550 0.100 0.020 550 0.190 0.110

549 0.080 -0.020 549 0.290 G.170

548 0.080 -0.030 548 0.190 0.120

AVERAGE 0.125 0.095 0.256 0.271

MAX 0.460 0.580 0.800 0.890
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN 93

AAA/ACINL WAV L LWUIN ORI L, LVUOOD DUV L [SF ¥y
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RIVER WALL - BETWEEN POOLS RIVER WALL - BETWEEN POOLS
MONOLITH 23, CENTERLINE MONOLITH 39/41 JOINT
ELEV LOSS 84 LOSS 93 ELEV LOSS 84 LOSS 93
(FT) (FT) (FT) (FT)
578 0.160 0.260 578 0.160  0.210
577 0.300 0.400 577 0.360 0.430
576 0.210 0.320 576 0.290  0.340
575 0.230 0.290 575 0.200  0.240
574 0.110 0.230 574 0.230  0.230
573 0.120 0.150 573 0.160  0.180
572 0.130 0.160 572 0.180  0.250
571 0.110 0.150 571 0.190  0.230
570 0.140 0.160 570 0.170  0.170
569 0.250 0.250 569 0.160 0.190
568 0.250 0.330 568  0.160  0.180
567 0.150 0.190 567  0.200  0.240
566 0.070 0.100 566 0.230  0.280
565 0.050 0.060 565 0.170  0.200
564 0.040 0.090 564 0.170  0.190
563 0.070 0.150 563 0.180 0.200
562 0.060 0.150 562 0.140 0.160
561 0.070 0.040 561 0.170  0.130
560 0.050 0.040 560 0.160  0.110
559 0.020 0.010 559 0.170  0.110
558 0.030 0.020 558 0.200  0.140
557 0.010  -0.020 557 0.160 0.090
556 0.050 0.030 556 0.170  0.150
555 0.150 0.150 555 0.270  0.320
554 0.040 0.050 554 0.120  0.100
553 0.060 0.060 553 0.130 0.080
552 0.050 0.040 552 0.140  0.080
551 0.050 0.000 551 0.170 0.100
550 0.040 0.000 550  0.160  0.100
549 0.050 0.010 549 0.170  0.090
548 0.090 0.050 548 0.170 0.130
AVERAGE 0.104 0.126 0.184  0.182
MAX 0.300  '0.400 0.360  0.430
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LOCKPORT CONCRETE LOSS SURVEYS IN JUL 84 AND JAN S3

AR A A AR RA A A A A SRR A AR kA A ARk hh kb kR kb hhhkhhhhhhhdhhdhhhhdhhhhsk
RIVER WALL - BETWEEN POOLS RIVER WALL - BETWEEN POOLS
MONOLITH 41 1' DS OF US JT MONOLITH 41, CENTERLINE
ELEV LOSS 84 LOSS $3 ELEV LOSS 84 LOSS 93
“(FT) (FT) (FT) (FT)

578 0.160 0.250 578 0.080 0.180

5717 0.320 0.420 577 0.240 0.360

576 0.270 0.320 576 0.150 0.300

575 0.220 0.320 575 0.110 0.180

574 0.140 0.220 574 0.090 0.190

573 0.060 0.180 573 0.040 0.120

572 0.020 0.140 572 0.020 0.110

571 0.030 0.100 571 -0.010 0.110

570 0.150 0.120 570 0.020 0.060

569 0.010 0.040 569 -0.060 0.070

568 0.000 0.060 568 ~-0.050 0.000

567 0.030 0.130 567 -0.050 0.050

566 0.180 0.200 566 0.07¢0 0.140

565 0.120 0.140 565 0.090 0.140

564 -0.010 0.110 564 0.070 0.130

563 0.020 0.130 563 -0.010 ~ 0.090

562 0.000 0.070 562 -0.030 0.020

561 0.010 -0.020 561  -0.040 0.010

560 0.000 0.060 560 -0.040 -0.040

559 0.020 0.000 559  -0.040 -0.030

558 0.000 0.050 558 -0.020 -0.030

557 0.020 0.020 557 -0.030 -0.020

556 0.020 0.080 556  -0.040 0.010

555 0.030 0.080 555 0.050 0.010

554 0.020 0.010 554 0.010 0.130

553 0.020 0.000 553 0.000 0.120

552 0.640 0.010 552 -0.010 0.040

551 0.020 0.000 551 -0.010 -0.010

550 0.040 0.010 550 0.000 0.000

549 0.040 0.010 549 0.000 0.010

548 0.050 0.010 548 0.000 0.010
'AVERAGE 0.066 0.105 i 0.021 0.079
MAX 0.320 0.420 0.240 0.360
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RIVER WALL - BETWEEN POOLS
MONOLITH 47 1' DS OF US JT

(FT) (FT)

578 -0.010 0.010
577 -0.010 0.040
576 0.050 0.190
575 0.120 0.300
574 0.200 0.320
573 0.220 0.350
572 0.180 0.270
571 0.090 0.130
570 -0.020 0.010
569 -0.020 -0.010
568 -0.020 0.000
567 -0.030 -0.010
566 -0.030 -0.020
565 -0.030 -0.030
564 -0.020 -0.030
563 -0.020 -0.020
562 0.010 0.060
561 0.000 -0.020
560 0.030 0.100
559 0.060 0.110
558 0.010 0.090
557 0.000 0.050
556 0.000 0.060
555 0.010 0.030
554 0.030 0.100
553 0.040 0.130
552 0.040 0.130
551 0.050 0.100
550 0.010 0.080
549 0.010 0.050
548 0.010 0.020
AVERAGE 0.033 0.030
MAX 0.220 0.350
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N

¢

Top of lock wall elevation

Upper pool

Lower pool

Gage zero

Stage upper pool
Stage lower pool
Depth Loss
(feet) (feet)
1 0.03
2 0.06
3 0.02
4 0.01
5 0

6 0.02
7 0.01
8 0.01
9 0.03
10 0.02
11 0.04
12 0.07
13 0.03
14 0.02
i5 0.06
16 0.11



Top of lock wall elevation  592.0

Upper pool 583.0
Lower pool 572.0
Gage zero 568.7
Stage upper pool 14.46
Stage lower pool 6.75
Depth Loss

(feet) (feet)

1 0.01

2 0.02

3 0.02

4 0.01

5 0

6 0.01

7 0.05

8 0.04

9 0.01

10 0

11 0.02

12 0.01

13 0.02

i4 0

15 0.01

16 0
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Lock 13

Land wall
Monolith 38 - 7 ft from U/S joint

Top of lock wall elevation  592.0

Upper pool 583.0
Lower pool 572.0
Gage zero 568.7
Stage upper pool 14.46
Stage lower pool 6.75
Depth Loss

(feet) (feet)

1 0

2 0.02

3 0.02

4 0.02

5 0.02

6 0.02

7 0.03

8 0.03

9 0.04

10 0.04

11 0.03

12 0.03

13 0

14 0.02

15 0.12 (construction joint)
16 0.01
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C4

Monolith 25 - 6.5 ft from U/S joint
Top of lock wall elevation 592.0
Upper pool 583.0
Lower pool 572.0
(Iage 7arn SAR 7
Uas\. Ll Vv POAN A6 P
Stage upper pool 14.46

Stage lower pool 6.75
Depti Loss

{(feet) {(feet)

1 0.01

2 0

3 0.01

4 0.01

5 0.01

6 0.02

7 0.01

8 0.02

9 0.02

10 0.02

11 0

12 0.03

13 0.07

i4 0.07

15 0.0¢%

16 0.12

PN LAY o
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Lock i3

Intermediate wall

Monolith 16 - 13 ft from U/S joint
Top of lock wall elevation 592.0
Upper pool 583.0
Lower pool 572.0
Gage zero 568.7
Stage upper pool 14.46
Stage lower pool 6.75
(feet) {feet)

1 0.01

2 0

3 0.01

4 0.02

5 0.02

6 0.02

7 0.02

8 0.02

9 0.02

10 0.01

11 0

12 0.02

i3 0.04

14 0.05

15 0.04

16 0

Mnongiiraman:
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2 LUDSS VIiTaouiciiicis

4o
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Field Logs for Lock and Dam 15
Loss Measurements
Lock 15

Land wall

Monolith 25 - 14 ft from U/S joint
Top of lock wall elevation ~ 568.25
Upper pool 561.0
Lower pool 545.0
Gage zero 542.2
Stage upper pool 18.66
Stage lower pool 6.66
Depth Loss

(feet) (feet)

1 0

2 0.01

3 0.01

4 0

5 0

6 0

7 0

8 0

9 0

10 0

11 0

12 0

13 0

14 0

15 0

16 0

17 0.01

18 0.01

19 0

5 for Lock and Dam 15 Loss Measurements
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D2

Lock 15

Land wall
Monolith 15 - 15 ft from D/S joint

Top of lock wall elevation ~ 568.25

Upper pool 561.0
Lower pool 545.0
Gage zero 542.2
Stage upper pool 18.66
Stage lower pool 6.66
Depth Loss

(feet) (feet)

1 0

2 0

3 0

4 0

5 0.01

6 0.02

7 0.01

8 0.02

9 0.02

Pk
N -
coo
S OO
oW

13 0.04
14 0.03
15 0.03
16 0.01
17 0.07
18 0.01

Appendix D Field Logs for Lock and Dam 15 Loss Measurements



Lock 15

Land wall
Monolith 13 - 4.8 ft from D/S joint

Top of lock wall elevation  568.25

Upper pool 561.0
Lower pool 545.0
Gage zero 542.2
Stage upper pool 18.66
Stage lower pool 6.66
Depth Loss

(feet) (feet)

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

10 0.03

11 0.01

12 0.01

13 0.01

14 0.01

15 0.02

16 : 0.05

17 0

18 0

Appendix D Field Logs for Lock and Dam 15 Loss Measurements
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D4

T anlr 18
L/AUR 1Y

Intermediate wall
Monolith 8 - 3 ft from D/S joint

Top of lock wall elevation  568.25
Upper pool 561.0
Lower pool 545.0
Gage zero 542.2
Stage upper pool 18.66
Stage lower pool 6.66
Depth Loss

(feet) (feet)

iivvwey (i)

[ Res] (=)
Pk k. W N =

e e e e e T R e N, W S U N6
CO000000000COOS00D

0 01
1
2 .01
3 01
4 01
5 02
6 01
7
8



Lock 15

Intermediate wall
Monolith 16 - 10.5 ft from D/S joint

Top of lock wall elevation ~ 568.25
Upper pool 561.0
Lower pool 545.0
Gage zero 542.2
Stage upper pool 18.66
Stage lower pool 6.66

Depth Loss
(feet) (feet)
1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

10 0.09 (construction joint)
11 0.01
12 0.01
13 0.02
14 0.01
15 0.01
i6 0

17 0

18 0

Appendix D Field Logs for Lock and Dam 15 Loss Measurements
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